ABSTRACT
INTRODUCTION
Improving patient access to primary care continues to be a priority for the UK government. 1, 2 Geography is one key determinant of access; it may present barriers of cost, time, and inconvenience for patients consulting their GP out of hours, but the effects of distance and rurality are sometimes overlooked. 3 Following the introduction of a new GP contract in 2004 (where GPs were able to opt out of 24-hour responsibility for their patients), 4 there was a significant change in the configuration of out-of-hours provision. Primary care trusts (now responsible for commissioning out-of-hours services) may have contracts with several providers. Out-of-hours care remains a contentious issue, with concerns over fragmented services, quality, and increasing costs of provision. 5 Although different models of out-of-hours care exist, GP-led cooperatives have remained the standard service in many areas and are typically based in emergency primary care centres. 6 Patients are frequently required to travel to be seen, raising concerns over poorer access for patients living further away from such services. 7, 8 Out-of-hours care is often exclusively accessed by telephone, which acts as a barrier for some groups, 9 but potentially facilitates access for those living at greater distances from services.
Previous UK studies, including a large study of 20 GP cooperatives, 10 have reported rates of out-ofhours use by social and demographic characteristics. Other studies have demonstrated that patients who live further away have lower rates of use of daytime general practice, [11] [12] [13] emergency department, [14] [15] [16] and emergency hospital admissions. 17 Lower rates of daytime GP consultation are reported for patients in 'rural' areas, 18 although not universally. 19 Few studies have examined geographical variation in out-of-hours service use. The notable exception is a Northern Irish study that found patients who lived at greater road distance (and travel time) from primary care centres had fewer contacts with out-of-hours services. 20 The study did not include a measure of rurality. A further study in Ireland reported higher contact rates for 'rural' cooperatives compared to 'urban' ones, 21 perhaps unexpectedly. 'Rural' and 'urban' were selfreported rather than measured objectively.
This paper reports the first study to present rates of out-of-hours calls by deprivation, distance, and rurality, with a population base of nearly 1 million patients in Devon, England, using objective measures of geographical access.
METHOD
This observational study was a geographical analysis based on routinely collected data on telephone calls, patient population data from general practices, and area-level data for Devon.
Setting
The county of Devon, approximately 6636 km 2 , 22 was selected for study because it provided a range of different geographical area types, including major cities (Plymouth and Exeter), and accessible rural and remote rural areas. One out-of-hours provider covered 81% of the county population, ensuring patients from different geographical area types would receive care from the same provider. A GP-led service of over 500 members provided care for 928 725 registered patients and operated 19 primary care centres at district or community hospitals; nine opened during weekdays and weekends, 10 additional centres opened only on weekends and bank holidays, and two of these opened only on Saturday mornings. Additionally, the organisation provided a message-handling service for a small number of subscribing GPs (covering 8% of the population), where call answering and handling was provided but the local service provided triage and consultation.
Data
Individual-level service activity data. The analysis in this study is based on 34 229 patient calls received by the service in June (n = 14 482) and December (n = 19 747) 2003. These months represent summer and winter activity and include a major bank holiday period. Anonymised details of calls included the patients' age and sex, date and time of call, postcode, and 'call outcome' (describing how patients were managed, commonly by primary care centre attendance, GP telephone advice, or home visit).
Area-level data
Measures of deprivation, distance, and rurality were matched to patient activity data where patients' postcode was complete (92% of calls). The Index of Multiple Deprivation 2004 of super output areas (SOAs) (ID2004) was used to create quintiles of deprivation by dividing the population of SOAs in Devon (not national quintiles). 23 The straight-line distance from patients' addresses to their nearest open primary care centre, based on time and the day of the week of their call, was calculated. The cut-off points for the quintiles are: first (nearest), 0-2.1 km; second, 2.2-3.7 km; third, 3.8-5.3 km; fourth, 5.4-9.9 km; and fifth (furthest), ≥10 km. Rurality was measured by the Office for National Statistics (ONS) Rural and Urban Area Classification (2004) for output areas (OAs). 24 Each OA is classified by the following four settlement types: urban; small town and fringe; village; hamlets and isolated dwellings. Each is allocated to either a 'sparse' or 'less sparse' context, giving eight categories.
Analysis
Data were analysed using SPSS (version 14) and Microsoft Office Excel ® 2003. The Kruskal-Wallis method was used to examine differences between groups. Age/sex-specific and age/sex-standardised call rates (per 1000 patients/year) with 95% confidence intervals (CIs) were calculated by deprivation quintile, distance quintile, and ONS rural/urban category. To estimate annual rates, the number of calls for June and December were averaged and the resulting monthly aggregate was multiplied by 12. This calculation was checked against annual call volume figures, which demonstrated this assumption was an accurate J Turnbull, D Martin, V Lattimer, et al
How this fits in
The delivery and organisation of out-of-hours services raises concerns about access (for example, patients are often required to be seen at primary care centres). This is the first study to present rates of out-of-hours calls by deprivation, distance, and rurality. Geographical barriers appear to be important in patients' use of out-of-hours services.
reflection. Call rates were directly standardised to the out-of-hours population of a study by Salisbury et al covering 4.6 million patients (707 198 calls) across the UK, 10 providing a proxy 'English population'. The population denominator for calculating rates was derived from: registered age/sex GP patient lists; and Census 2001 population estimates at OA level (used in the geographical analysis), and at SOA level (deprivation analysis). For all analysis, the population denominator was adjusted for populations that were covered by alternative out-ofhours arrangements, by subtracting practice list sizes of non-members from the population totals. Multiple linear regression was undertaken to examine variation in use, based on 705 SOAs in Devon. Call rates for SOAs (treated as a continuous variable) were taken as the dependent variable, with distance and deprivation as possible explanatory factors. This analysis reflects the approach taken by a similar study of out-of-hours service use. 20 A proportion of calls had some missing information: age, n = 3151 (9.2%); sex, n = 585 (1.7%); and postcode, n = 3204 (9.4%). Data are missing for one or more of these variables in 18% of cases; therefore there is some underestimation in the standardised rates. The most likely reason for missing postcode data was that callers either did not know their postcode or they lived in newly built houses which do not have registered postcodes. It is assumed there is no bias in missing data by geographical location; therefore a complete case analysis was performed. Message handling service calls were included in the deprivation and rural/urban analysis to give overall rates of service use, but were excluded from the distance analysis since these calls would not receive treatment at the primary care centres.
RESULTS
Of 34 229 calls, 18 220 (53.3%) were weekend calls and 3055 (8.9%) bank holiday calls. Overall, message handling service calls accounted for 8.5% of the workload (2906 calls). Of 28 116 calls with complete postcode, age, and sex data, 20 369 patients (86%) called once, 2505 (11%) called twice, and 750 (3%) called three times or more (calls with the same postcode, age, and sex were assumed to be the same person). The standardised call rate for females was 185 (95% CI = 184 to 186) per 1000 patients/year and 142 per 1000 patients/year (95% CI = 141 to 143) for males. The highest rate was found in the age range 0-4 years, males 619 per 1000 patients/year (95% CI = 613 to 625) and females 561 per 1000 patients/year (95% CI = 554 to 567). Deprivation exerted a strong effect, with higher rates for each quintile of increasing deprivation (Table 1) .
Distance
Most calls were from patients who lived within 5 km of their nearest primary care centre; 61% on weekdays, 72% at weekends and 81% on Saturday mornings (this variation reflects the fact that more primary care centres were open at the weekend). If invited to attend the primary care centre, weekend callers would be required to travel 3. Overall, out-of-hours service use decreased with increasing distance, with call rates of 172 (95% CI = 170 to 175) for the first (nearest) distance quintile, 162 (95% CI = 159 to 165) for the second, and 159 (95% CI = 156 to 162) for the third quintile ( Table 2 ).
The regression model of call rates at SOA level against distance gave a parameter estimate of -3.17 (95% CI = -4.02 to -2.32, P<0.001). This can be interpreted as a reduction in the SOA call rate per 1000 patients/year of 3.17 for each unit kilometre of straight-line distance. After adjusting for deprivation, Table 3) . Similar results were observed when undertaking separate analyses for males and females and for different age groups. Although the effect of distance is significant, the effect size is quite small.
When only distance was included in the model, the variable explains only 7.1% of the variation in rates, increasing to 9.1% when deprivation is added; therefore the predictive value of the model is low.
Rurality
Two-thirds (66.5%) of calls were from 'less sparse urban' OAs, 12.7% from 'less sparse town and fringe' OAs, 7.7% from 'less sparse villages' and 4.6% from 'less sparse hamlets and isolated dwellings'. Small proportions of calls were from patients living in 'sparse' OAs (1.3-3.2%). The most deprived OAs in Devon were exclusively urban. Overall, call rates decreased steadily with increasing rurality (Table 4 ). The highest rates were from urban areas, and the lowest rates from the most remote OAs ('sparse villages' and 'sparse hamlets/isolated dwellings'). Age/sex-specific call rates showed that 0-4-year-old patients had more variation than any other age group (Figure 1) , with calls rates being significantly higher in urban than rural areas (with the exception of females from 'urban sparse' OAs, although this category covers a small population and may be subject to greater variability). In urban areas, call rates were much higher for those in more deprived quintiles, declining steadily with decreasing deprivation (Table  5 ). Town/fringe and village OAs showed no obvious relationship with deprivation (this comparison is made slightly difficult since no rural OAs are in the most deprived quintile).
DISCUSSION

Summary of main findings
There was strong evidence of distance and rurality effects on out-of-hours service use. Patients who lived at greater distances or in rural areas had lower call rates. There was a differential effect by age group, with greatest rural/urban variation among children aged 0-4 years and, to a lesser extent, patients aged ≥75 years. Patients from deprived areas made more calls but the effect of deprivation was more evident in urban than rural areas, suggesting that behaviour is influenced by deprivation for patients in urban areas, while in rural areas, distance rather than deprivation may influence the decision to call.
Strengths and limitations of the study
This is the first study to present rates of out-of-hours calls by deprivation, distance, and rurality in the same study. It attempted to control for the confounding effects of deprivation in the utilisation rates and rurality, although the study was primarily aimed at investigating geographic not socioeconomic effects. Deprivation is an inevitable confounder when examining geographical aspects of health service use, and many previous studies have not controlled for its effects. 25 One difficulty lies in combining key variables that are only available at different geographical scales (for example, postcoded patient records and SOA-level deprivation indices). Straight-line distance and ONS rural/urban classification provide only two, albeit complementary, geographical access measures. 26 The effect of using other measures is unknown. Straight-line distance has been widely used in healthcare access studies, 13 and has the advantage of straightforward calculation for large numbers of cases. Its drawback is that it does not take into 27 but are more complex to calculate and assume access to car transport. Straight-line distance has been shown to correlate well with more complex measures such as travel time. 28 Few patients are likely to be reallocated between the distance quintiles used here.
The study looked at one geographical area and service provider in England. Pockets of deprivation exist, but the area is relatively affluent compared with much of the UK and has comparatively good levels of health. 23 Also, there are no substantial ethnic minority populations. Common to many studies using routine service activity data, some age, sex, and postcode data were missing, so call rates are an underestimation. Utilisation as a proxy for 'access' or 'need' may be problematic, 29 since individuals with equal 'need' may not make equal use of health care ('barriers' may deter access). However, one can argue that utilisation is important, since living in an area with ample healthcare resources is of little importance if the resources are inaccessible or of low quality. 30 Multilevel modelling could potentially be applied to a dataset of this type but there were difficulties in using such an approach here. The anonymised dataset did not provide a unique patient identification number or details to allow grouping by GP. The configuration of primary care centres open to patients varied by time and day of week, and thus did not provide a stable modelling framework. By contrast, the study focused on key aspects of rurality and deprivation, previously found to be important and providing a meaningful classification of the study population at all times. Importantly, the methods of analysis used allow comparison with other, similar, key studies. 10, 20, 31 Comparison with existing literature Females, young children, older people, and those from the most deprived areas were the highest service users. Call rates were within the ranges found elsewhere, 10, 20 and patterns of use by age, sex, and deprivation were consistent with previous studies. 10, 31 The suggestion that telephone access may potentially overcome physical barriers was not supported. The effects of increased distance on reduced out-ofhours service use reflect the findings of an earlier study. 20 The present study suggested that rurality may present particular difficulties or disincentives for certain population groups (for example, parents with children aged 0-4 years), but further research is needed to examine why. People with the greatest need for care (for example, older people and deprived populations) are those most likely to have poorer access to transport. 32 However, it is difficult to assess the extent to which geographical variation equates to inequity. Poorer geographical access may suppress demand for health services, resulting in lower levels of use, but not in inequity of opportunity for access.
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Implications for future research
Geographical barriers appear to be an important determinant of the propensity with which people call GPs out of hours. A better understanding of patient access is important in planning services. Geographical barriers may lead to delays in help seeking, resulting in avoidable ill-health or mortality, and may have social and economic costs to individuals. Although the data in this study were collected prior to the introduction of the 2004 general medical services contract, the findings are still important since current out-of-hours care models commonly require patients to travel to a centre to be seen, following an initial telephone contact. Further research is needed to examine if newer models present their own unique geographical barriers. Patients' decisions to seek medical care are influenced by a range of factors, including symptoms, service organisation, and access. 33 Evidence suggests that, other things being equal, patients' willingness to seek care declines with distance. 34 Patients' decisions to consult out of hours require further research, which needs to include a range of complex, interlinked determinants, of which geography is one.
